We compare the impacts of smooth dark energy, modified gravity, and interacting dark energy on the cosmological limits on the total mass of active neutrinos. We consider the wCDM model, the f (R) model, and the interacting vacuum energy models with the forms of Q = βHρΛ and Q = βHρc. In the cosmological fits, we use the Planck 2015 temperature and polarization data, in combination with other low-redshift observations, including the baryon acoustic oscillations, type Ia supernovae, and the Hubble constant measurement, as well as the large-scale structure observations involving weak lensing and redshift-space distortion. The Planck lensing measurement is also employed. We find that, compared to the ΛCDM model, the wCDM model favors a higher upper limit on neutrino mass. The f (R) model has a quite consistent neutrino mass with that in ΛCDM. For the interacting dark energy model, the Q = βHρc model favors a higher upper limit on neutrino mass, but the Q = βHρΛ model gives an identical neutrino mass with the case of ΛCDM. Looking at the correlation between the model parameter and the neutrino mass, we find that only when the model parameter is correlated with the neutrino mass, the model would have a significant influence on the measurement of the neutrino mass, otherwise the values of the neutrino mass are largely consistent with that given by ΛCDM.
I. INTRODUCTION
Neutrino oscillation phenomena show that the neutrinos have masses (see Ref. [1] for a review). But it is a great challenge for laboratory experiments of particle physics to measure the absolute neutrino mass scale. The neutrino oscillation experiments can only provide the information about the squared mass differences between the neutrino mass eigenstates [2] , which leads to a lower limit on the species-summed neutrino mass of ∼ 0.06 eV. Though the tritium beta decay experiments are potentially capable of directly measuring the neutrino mass, the current best upper bound is still weak: m β < 2.3 eV (95% confidence level) [3, 4] , where m β is the mass to which beta decay experiments are sensitive. The future experiment (KATRIN) aims to measure m β with a sensitivity of 0.2 eV [5] , which would provide the limit of m ν 0.6 eV. In addition, future experiments for detecting cosmic relic neutrinos (e.g., the PTOLEMY proposal [6] [7] [8] [9] ) are also able to measure the absolute masses of neutrinos. In fact, currently, the strongest constraints on neutrino masses are offered by cosmology (see, e.g., Refs. [10, 11] and references therein).
However, the limits on the neutrino mass m ν (summed over the three active neutrino species) set by cosmology depend largely on the choices of cosmological models and observational datasets. Massive neutrinos can affect the cosmological expansion rate, and also can lead to a large free-streaming scale (due to their large thermal velocity) below which the clustering amplitude is suppressed. Thus, the observations of cosmic microwave background (CMB) and large-scale structure (LSS) could be used to constrain the neutrino mass. If the neutrino mass would exceed the limit m ν 1.8 eV, then the CMB observations alone could tightly constrain m ν [12, 13] . In order to go beyond this limit, one needs to consider more subtle effects of massive neutrinos on the CMB anisotropies, and needs to combine the CMB data with other low-redshift cosmological probes.
The Λ cold dark matter (ΛCDM) model can fit various astronomical observations quite well. The Planck satellite mission has provided extremely accurate measurements of the CMB anisotropies, with which the spatially flat ΛCDM cosmology is shown to be highly consistent [10, 11] . Based on the ΛCDM model, the Planck 2015 temperature and polarization power spectra in combination with the low-temperature-polarization data (denoted as "lowP"), gave a better constraint on the species-summed mass of neutrinos m ν : m ν < 0.49 eV (Planck TT,TE,EE + lowP) [11] . When the baryon acoustic oscillation (BAO) data were added, the limit became much tighter: m ν < 0.17 eV (Planck TT,TE,EE + lowP + BAO) [11] . If continuing including the redshiftspace distortion (RSD) measurement of LSS, from the DR12 galaxy samples, the constraint of the neutrino mass was still consistent with the previous results: m ν < 0.16 eV (Planck TT,TE,EE + lowP + BAO + RSD) [14] . However, if replacing the RSD data with the galaxy weak lensing from Dark Energy Survey Year 1 (DESY1) combined with supernova (SN) measurement, the constraint of neutrino mass was pulled towards a higher value, which was confirmed by the result in Ref. [15] : m ν < 0.29 eV (Planck TT+BAO+SN+DESY1). Note that all the upper limit values for neutrino mass quoted in this paper refer to the 95% confidence level (CL).
In addition to the datasets dependence, the measurements of neutrino mass in cosmology also significantly depend on the cosmological models chosen. Recently, a number of analyses of weighing neutrinos using cosmo-logical observations in different dark energy models were made. In a series of studies [16] [17] [18] [19] [20] [21] [22] , some useful conclusions are drawn, as summarized in Ref. [23] : (1) In dynamical dark energy models, compared to ΛCDM, the upper limit of m ν can become larger and also can become smaller, depending on the nature of dark energy. It is found that, in the cases of a phantom dark energy or an early phantom dark energy (i.e., w < −1 in the early times), the constraint on m ν becomes looser, but in the cases of a quintessence dark energy or an early quintessence dark energy (i.e., w > −1 in the early times), the constraint on m ν becomes tighter. (2) In the holographic dark energy (HDE) model [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] , one gets the tightest constraint on the neutrino mass, i.e., m ν < 0.105 eV, which is almost equal to the lower bound of m ν of the inverted hierarchy case. (3) The mass splitting of neutrinos begins to influence the cosmological fits. It is found that the normal hierarchy case can fit the current observations slightly better than the inverted hierarchy case, independent of dark energy models. Of course, these statements need to be further carefully checked.
In fact, while the acceleration of the universe's expansion was discovered by supernovae observations and was confirmed by other independent astronomical/astrophysical observations, the physics behind this cosmic acceleration is still obscure (see Ref. [35] for a brief review). If the general relativity (GR) is valid on all scales in the universe, then one needs to introduce a new form of energy, referred to as "dark energy (DE)", whose pressure is negative (yielding a repulsive gravity), to account for the origin of the cosmic acceleration. The cosmological constant Λ is the mathematically simplest, and perhaps the physically simplest, candidate for dark energy. However, there exists the other possibility that GR is violated on cosmologically large scales, which leads to a way to explain the accelerated expansion through modifying gravity (see, e.g., Refs. [36] [37] [38] [39] [40] for recent reviews). In other words, the modified gravity (MG) theory could mimic DE on large scales, driving the cosmic acceleration. One option for MG is to replace the Ricci scalar R with a function R + f (R) in the gravitational action [41] . Other more radical changes include introducing extra dimensions and allowing gravitons to "leak" off the brane representing our observable universe (e.g., the DGP model [42] ), which has inspired a more general class of "galileon" and massive gravity models.
Within GR, the histories of cosmic structure growth and cosmic expansion are linked by a consistency relation,D + 2HḊ − 4πGρ m D = 0, where D(z) is the linear growth function, H(z) is the Hubble expansion rate, and G is the Newton's gravitational constant. MG models can change the predicted linear growth function, and typically can make the growth function dependent on scale or environment, i.e., D(z, k). Thus, the consistency relation for GR is violated in MG models, which leads to the consequence that the growth index γ deviates from its GR value, γ ≈ 0.55 [43, 44] , in the MG models. In addi-tion, the MG models can typically yield a non-vanishing anisotropic stress (proportional to Φ − Ψ, where Φ and Ψ are two gauge invariant potentials describing the scalar metric perturbations).
It is of great interest to compare the measurements of neutrino mass in models of smooth dark energy and modified gravity. In this paper, we do this analysis with several data combinations of current astronomical observations. Of course, we cannot exhaust all the viable models of DE and MG, so we only consider to choose the most typical (and simplest) models for DE and MG as examples to do the analysis, for simplicity. For the smooth dark energy, we consider the wCDM model that modifies the background equations of ΛCDM cosmology but yields similar growth of structure history to ΛCDM [44] . For the modified gravity, we consider the f (R) cosmology. The viable f (R) models (with the consideration of screening mechanism to pass the local solar system tests) are forced by observational constraints to be very close to ΛCDM in background (expansion history), but they still can have different growth of structure history from ΛCDM [45] . So we consider a parametrized f (R) model whose background is fixed as that of ΛCDM and perturbations are parametrized by B 0 that characterizes the Compton wavelength scale for the extra scalar degree of freedom [46] (see also Refs. [47] [48] [49] ). Now we see that ΛCDM is a reference model: wCDM, as a representative of smooth DE, has the same growth of structure history but different expansion history; f (R), as a representative of MG, has the same expansion history but different growth of structure history. Both models have only one more additional parameter than ΛCDM, i.e., w for wCDM and B 0 for f (R). Therefore, it is very meaningful to compare the results in the ΛCDM, wCDM, and f (R) models.
Actually, it has to be pointed out that there is another class of models called models of interacting dark energy , in which some subtle direct interaction between dark energy and cold dark matter is considered. This scenario is different from the scenario of MG in that the "fifth force" only exists between dark energy and cold dark matter. Usually, in the scenario of interacting dark energy, compared to ΛCDM, both the expansion history and the growth of structure are modified. But different from MG, in the interacting dark energy scenario the growth of structure is still scale-independent. Recently, some works on constraining neutrino mass in interacting dark energy models by using the current cosmological observations have been made [80, 81] . In the present paper, we also wish to consider the interacting dark energy scenario in the comparison. In order to reduce the number of parameters, we only consider the simplest model of interacting dark energy, i.e., the interacting vacuum energy model, in which the interaction between vacuum energy and cold dark matter is assumed. For convenience, we call this model the IΛCDM model, although in this model the vacuum energy density (with w = −1) is no longer a constant, and thus it is no longer a pure back-ground. Therefore, in the present work, we will compare the results of weighing neutrinos in the ΛCDM, wCDM, f (R), and IΛCDM models.
The paper is organized as follows: In Sec. II, we will briefly describe the cosmological models considered in this work. In Sec. III, we will introduce the analysis method and observational data used in this work. In Sec. IV, we will report the constraint results in the various cosmological models and make some relevant discussions. In Sec. V, conclusion of this work will be given.
II. MODEL
In this section, we briefly describe the cosmological models considered in this work including the wCDM model, the f (R) model and the IΛCDM model. We only provide the basic information for them.
A. The wCDM model
The wCDM model is the simplest extension to the ΛCDM model, and thus it is the simplest dynamical dark energy model, in which we assume that w = constant. Although it is hard to believe that such a simple model with a constant w would correspond to a realistic dark energy, it is still very useful in exploring the nature of dark energy in the works of cosmological parameter estimation due to its simplicity. In this model, we have
where E(z) = H(z)/H 0 and Ω m is the present-day fractional energy density of matter. The radiation density in the late universe is negligible, and thus we do not show it here.
The f (R) gravity is a simple and nontrivial extension of GR, which has received much attention as an alternative mechanism of ΛCDM. In general, the model of f (R) is derived by adding a function of the Ricci scalar R to the Einstein-Hilbert action [41] . By this, an extra scalar degree of freedom f R ≡ df /dR is introduced in the cosmological model. We characterize this function using a dimensionless quantity B [46] , which can be written as
where H is the Hubble expansion rate, a is the scale factor, and f RR is the derivative to f R with respect to R, i.e., f
Here we only consider a parametrized f (R) model whose background is fixed as that of ΛCDM and perturbations are parametrized by B 0 that characterizes the Compton wavelength scale for the extra scalar degree of freedom (see Refs. [47] [48] [49] ),
where the parameter λ 1 has dimension of length relating to the B value at today through λ 2 1 = B 0 c 2 /2H 2 0 . The functions of µ(k, a) and γ(k, a) on their usages in the public MGcamb code and the details of how to quantify the modifications to the Poisson and anisotropy equations can be found in Refs. [82, 83] .
C. The IΛCDM model
The IΛCDM model is the simplest model among the interacting dark energy models, in which the vacuum energy with w = −1 interacting with cold dark matter is considered.
In this model, the energy continuity equation for the vacuum energy density is given bẏ
where the dot represents the derivative with respect to the cosmic time t, and Q is the energy (density) transfer rate. For the cold dark matter density, we thus have the following energy continuity equation,
It should be mentioned that the energy transfer rate Q can only be given by purely phenomenological consideration because actually we do not understand how dark matter feels a "fifth force" through the mediation of dark energy in a realistic physical mechanism. In this work, we choose two simple forms, i.e., Q = βHρ c and Q = βHρ Λ , denoted by IΛCDM1 and IΛCDM2, respectively, where β denotes a dimensionless coupling parameter. From Eqs. (5) and (6), one can easily see that β > 0 indicates that the energy transfer is from cold dark matter to vacuum energy, β < 0 represents an inverse energy transfer, and β = 0 indicates that there is no interaction between cold dark matter and vacuum energy and the model becomes the ΛCDM model.
In a perturbed universe, there is also momentum transfer between vacuum energy and cold dark matter, which leads to the large-scale instability [84] problem in the IΛCDM cosmology. To solve this problem, we adopt the extended version of parameterized post-Freidmann (PPF) approach in which the interacting dark energy models are accommodated. For details about this version of PPF, we refer the reader to Refs. [80, 81, [85] [86] [87] [88] [89] [90] .
In this work, we treat ΛCDM as a reference model. wCDM, as a representative of smooth dark energy, has the same growth of structure history but different expansion history; f (R), as a representative of MG, has the same expansion history but different growth of structure history; IΛCDM, as a representative of interacting dark energy, has the different expansion history and different growth of structure history. These models have only one more additional parameter than ΛCDM, i.e., w for wCDM, B 0 (is replaced by its logarithmic form of log 10 B 0 in calculation, following Ref. [91] ) for f (R), and β for IΛCDM. Therefore, it is very meaningful to compare the constraint results of the neutrino mass in the ΛCDM, wCDM, f (R), and IΛCDM models.
III. METHOD AND DATA
The basic cosmological parameters for the 6-parameter base ΛCDM model are {Ω b h 2 , Ω c h 2 , θ * , τ, A s , n s }. These parameters, one by one, are the energy density of baryons , the energy density of cold dark matter, the ratio of the angular diameter distance to the sound horizon at last scattering, the reionization optical depth, and the amplitude and the tilt of the primordial scalar fluctuations. When massive neutrinos are considered, the neutrino mass parameter m ν should also be included in all models. Recently, the issue concerning the mass hierarchy of neutrinos has been discussed in Refs. [81, [92] [93] [94] . But in the present work we do not consider the mass splittings of neutrinos, and thus three mass-degenerate neutrino species are assumed.
We employ several significant cosmological observational data sets to perform our analysis, which include the cosmic microwave background (CMB) temperature and polarization data, BAO, SN, the Hubble constant (H 0 ), the redshift-space distortion (RSD), and the weak lensing (WL) data.
• The CMB data: We use the combination of the Planck 2015 temperature and polarization power spectra at multipoles > 30 and low-tempera-ture+polarization likelihood [95] .
• The BAO data: We use the combination of the previous measurements from 6dFGS (z = 0.1) [96] , SDSS-MGS (z = 0.15) [97] , and the latest measurements from LOWZ (z = 0.32) and CMASS (z = 0.57) DR12 samples of BOSS [98] .
• The SN data: For the type Ia supernova observation, we adopt the "JLA" sample, compiled from the SNLS, SDSS and the samples of several lowredshift SN data [99] .
• The H 0 data: We use the former "H 0 prior" from Riess 11 (hereafter R11) data reanalysed by Efstathiou [100] , which is rather consistent with the recent results of H 0 from the Planck 2015 data [11] . The consistent measurement value of the Hubble constant is H 0 = 70.6 ± 3.3 km s −1 Mpc −1 .
• The RSD data: We employ two RSD measurements from BOSS CMASS DR12 (z = 0.57) and LOWZ DR12 (z = 0.32) samples [101] , respectively. The usage of the RSD data is the same to the prescription given by the Planck collaboration [11] .
• The WL data: We use a measurement of S 8 = σ 8 (Ω m /0.3) 0.5 , derived by the weak gravitational lensing from the Dark Energy Survey Year 1 (DESY1) survey, with S 8 = σ 8 (Ω m /0.3) 0.5 = 0.783 +0.021 −0.025 (2σ) [15] . Since this measurement result is a little non-Gaussian, we simply make it gaussian by taking the average of the error of result (0.21+0.025)/2, i.e., S 8 = 0.783 ± 0.023.
• The lensing data: We also use the CMB lensing power spectrum from the Planck lensing measurement [102] . We denote the CMB lensing measurement as "lensing".
We employ the CosmoMC package [103] to infer the posterior probability distributions of parameters. We also employ the MGcamb code [82, 83] in our analysis to do the calculations for the f (R) model. In the following, we report the results of our analysis.
IV. RESULTS

A. Neutrino mass
We constrain the total mass of neutrinos in the models of wCDM, f (R), IΛCDM1 (Q = βHρ c ), and IΛCDM2 (Q = βHρ Λ ) by using the data combination of CMB+BAO+SN+H 0 +WL+RSD+lensing. Note that here for the employment of "H 0 prior", we do not adopt the local determination value (H 0 = 73.00 ± 1.75 km s −1 Mpc −1 ) of the Hubble constant by Reiss et al. [104] for two causes: (1) There exists beyond 3σ tension with Planck, and (2) a higher H 0 prior is more inclined to derive a smaller m ν due to a strong anti-correlation between H 0 and m ν . Hence, we choose a relatively lower prior of H 0 with H 0 = 70.6±3.3 km s −1 Mpc −1 , reanalysed by Efstathiou [100] , which is well consistent with Planck measurement. To visually show the impacts of these theoretical models on the constraints of the neutrino mass, we plot the onedimensional joint, marginalized distributions of m ν for the ΛCDM model (red solid), the wCDM model (green dashed), the f (R) model (blue dashed-dotted), the IΛCDM1 (Q = βHρ c ) model (purple dotted), and the IΛCDM2 (Q = βHρ Λ ) model (yellow solid), as shown in Fig. 1, and we also put the detailed results in Table I .
We take the ΛCDM model as a reference model. In the ΛCDM model, the 95% upper limit on the sum of the neutrino masses , m ν < 0.22 eV, is obtained, as seen in Table I . Importantly, let's look at the constraints of the neutrino mass in the wCDM, f (R), and IΛCDM cosmologies. For the wCDM model, m ν < 0.33 eV is ob-tained. For the IΛCDM1 model and the IΛCDM2 model, the upper limits of m ν < 0.37 eV and m ν < 0.22 eV are obtained. For the f (R) model, m ν < 0.20 eV is obtained. From these results, as shown Fig. 1 , we can see that the wCDM model and the IΛCDM1 model pull the neutrino mass obviously away from the case of the ΛCDM model, towards a higher value. However, the IΛCDM2 (Q = βHρ Λ ) model indicates a similar limit of the neutrino mass with the case in the ΛCDM model. Correspondingly, we can see that two posterior distributions (red line and yellow line) of the neutrino mass are nearly overlapped in Fig. 1. And , for the f (R) model, the neutrino mass limit obtained, m ν < 0.20 eV, is slightly smaller than that in the ΛCDM model. In fact, this limit is consistent with the case of ΛCDM to some extent. Thus, according to the fitting results, we can clearly see that some models can have a significant influence on weighing neutrinos, such as the wCDM model and the IΛCDM1 (Q = βHρ c ) model, but some models have a little impact on weighing neutrinos, such as the IΛCDM2 (Q = βHρ Λ ) model and the f (R) model.
We also compare the constraint results of other parameters strongly correlated with the neutrino mass in these cosmologies. Figure 2 shows the 68% CL and 95% CL constraints on m ν and H 0 , Ω m , and σ 8 for the five models. We find that the best fit values of H 0 , Ω m , and σ 8 are similar for these five models, and the derived correlations between the neutrino mass and the late-time parameters are also consistent. However, the parameter space distributions of these late-time parameters are greatly different. It is found that compared to ΛCDM, the wCDM model and the IΛCDM1 model yield a rather broad distribution of H 0 in the H 0 − m ν plane. But in the Ω m − m ν plane and the σ 8 − m ν plane, the IΛCDM2 model has broader distributions of Ω m and σ 8 than others. In addition, it is interesting to notice that the constraints of these parameters for f (R) are highly consistent with the case of ΛCDM. Undoubtedly, in the extensions to Λ, the extra parameters can play an important role in affecting the distributions of these parameters including the neutrino mass.
B. Model parameter
In the above results, we have seen that the wCDM, f (R), and IΛCDM models have different effects on the cosmological constraints of the neutrino mass. To show how these models affect the constraints of the neutrino mass, we plot the two-dimensional posterior distribution contours of the model parameters and the neutrino mass in the w − m ν plane for the wCDM model, the log 10 B 0 − m ν plane for the f (R) model, the β − m ν plane for the IΛCDM1 (Q = βHρ c ) and IΛCDM2 (Q = βHρ Λ ) models, in Fig. 3 .
Let's look at the two left panels in Fig. 3 . We can see that w is anti-correlated with m ν for wCDM, and β is positively correlated with m ν for IΛCDM1. Then, we look at the two right panels in Fig. 3 , we can see that there are no obvious correlations between log 10 B 0 and m ν for f (R), and between β and m ν for IΛCDM2. We find that, in some cases, the model parameters can largely affect the upper limits of the neutrino mass. In other words, if the model parameter is correlated with the neutrino mass, the upper limit of the sum of the neutrino mass in these models will be different from the case of ΛCDM. On the contrary, if the model parameter is not correlated with the neutrino mass, the derived limits of the neutrino mass will be well consistent with the case of ΛCDM.
Actually, for the apparent correlations between the model parameter and the neutrino mass, it can be explained by their mild effects on the shape of the CMB power spectra. The effect on the background cosmology can be compensated by changing some other parameters such as H 0 and Ω m , to ensure the fixed acoustic angular scale θ * . For the wCDM model and the IΛCDM1 model, changes in the dark energy density due to their dynamical properties change the expansion rate of universe and hence angular diameter distance D A (D A ∝ 1/θ * ), which could be compensated by shifts in the neutrino mass.
On the other hand, for those small correlations between the model parameters and the neutrino mass, it is implied that the model parameter has a slight effect on the background cosmology and the shape of the CMB power spectra. For example, for the f (R) model, the model parameter log 10 B 0 is only a parameterized form of the perturbations under the MG theory, which is mainly related to the growth of structure. Thus, when the main effect of massive neutrinos concentrates on the background cosmology as they become non-relativistic after recombination, it is not expected that log 10 B 0 is correlated with m ν . For the wCDM model, we have w = −1.042 +0.071 −0.024 (1σ), which means that a phantom energy is mildly favored. For the IΛCDM1 model with Q = βHρ c , we obtain the coupling constant β = 0.0018 ± 0.0002 (1σ). Evidently, for this case, the current observations favor β > 0 at more than 1σ level, which means that cold dark matter decays into vacuum energy. For the IΛCDM2 model with Q = βHρ Λ , we obtain β = 0.0175 +0.1231 −0.1133 (1σ), which indicates that the result of β = 0 (the case of ΛCDM) is favored at the 1σ level. In fact, for the both IΛCDM models, we can see that there is no evidence of an obvious deviation from the ΛCDM cosmology. For the f (R) model, we can only obtain an upper limit log 10 B 0 < −5.67×10 −4 (2σ). This is because we have no large amount of accurate enough data from the growth of structure.
Finally, we discuss how the model parameters affect other cosmological parameters. Figure 4 shows the 68% CL and 95% CL contours for the model parameters and H 0 , Ω m , and σ 8 for different models. From the figure, we can see that w for wCDM can slightly affect H 0 and Ω m , and the coupling constant β of IΛCDM2 can significantly affect Ω m and σ 8 . For the f (R) and IΛCDM1 models, we can see that the model parameters of log 10 B 0 and β have no evident effects on the late-time parameters.
V. CONCLUSION
We discuss the cosmological measurement of the total mass of neutrinos in some simple extensions to the ΛCDM cosmology including the simplest dynamical dark energy model (wCDM), the modified gravity model (f (R)), and the interacting dark energy model (IΛCDM, in which two typical interaction forms of Q = βHρ c and Q = βHρ Λ are considered). The ΛCDM model is considered as a reference model in this work. To make this analysis, we employ the current observational data sets including the CMB temperature and polarization data, the BAO measurement, the SN data, the H 0 measurement, the RSD data, the WL data with a prior from the analysis result of DES Y1, and the CMB lensing data.
In our analysis, we obtain upper limits of the neutrino mass of m ν < 0.22 eV for the ΛCDM model, . We also try to discuss how to explain these results (see Fig. 3 ). We find that the upper limits of the neutrino mass are largely affected by the model parameters. When the model parameters are in strong correlations with the neutrino mass, the limits of the neutrino mass would have a clear shift, compared to the ΛCDM model. However, when the model parameters are not correlated with the neutrino mass, the derived limits of the neutrino mass will be well consistent with the case of ΛCDM.
We also study in detail the constraint results of model parameters. We obtain w = −1.042 +0.071 −0.024 (1σ) for wCDM, log 10 B 0 < −5.67 × 10 −4 (2σ) for f (R), β = 0.0018 ± 0.0002 (1σ) for IΛCDM1, and β = 0.0175 +0.1231 −0.1133 (1σ) for IΛCDM2, showing that the deviations from the ΛCDM model are at about the 1σ level. This indicates that the current cosmological observations do not favor a deviation from the ΛCDM cosmology. 66 68 70
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